It has been generally accepted that an application of high K+ solution to smooth muscle causes depolarization accompanying a contraction which depends on extracellular Ca2+ entering through a voltage-dependent Ca2+ channel (Bolton, 1979; van Breemen et al., 1979) .
Accordingly, high K+ is commonly used as a non-selective stimulant, a depolarizer and a pharmacological tool to open a voltage-dependent Ca2+ channel in smooth muscles. Furthermore, the high K+-induced contraction is employed as a reference to a contractile response to Accepted for publication, Accepted for publication, April, 1, 1987. various agonists (Weiss, 1975; van Breemen et al., 1979) . However, it has been reported that properties of high K+-induced contraction are variable in smooth muscles isolated from various kinds of organ and animal species (van Breemen et al., 1979) . For example, hypoxia, glucose removal, Li+ substitution and ouabain application inhibited high K+-induced contractions in guinea-pig taenia coli (Pfaffmann et al., 1965 ; Kishimoto and Urakawa, 1982a; 1982b) . These inhibitory factors except the ouabain application also inhibited the contraction in the portal vein. In contrast to both the muscles, the factors did not affect the contraction in the aorta (Shibata and Briggs, 1967; Kishimoto and Urakawa, 1982a; 1982b) . In the present paper,
properties of the contractions induced by high K+ solution in the ileal longitudinal (long.) or circular (circ.) muscle of cat were investigated, because it is well known that cat, carnivorous, shows specific properties in drug response. The properties were surveyed on mechanical response, and attitudes to Ca2+ antagonists, metabolic inhibitory factors and factors modifying N a+ metabolism. The results were shown that the properties of the high K+-induced contraction in the cat ileal long. and circ. muscles were different from those of the ileal of other animal species, but almost similar to those of guinea-pig portal vein.
Materials and Methods
Cats weighing about 2 kg, were killed by air embolism under pentobarbital anesthesia, and the abdomen was rapidly opened. The lower part of the ileum was discarded to 5-10cm in distance from ostium iliocaecocolicum. The isolated ileum was placed in incubation medium.
Food residues were carefully removed with physiological salt solution (PSS) flushed by a syringe. Then the ileal longitudinal muscle preparation, about 20mm long and 5 mm wide, was prepared as the method described by Paton and Aboo Zar (1968) . After the long. muscle was removed from the ileal sample, the ileal circ. muscle preparation, 15-20 mm long and 3-4mm
wide, was helically cut by the method described by Furchgott (1960) . Then, tunica mucosa was gently separated from the circ. preparation. The muscle preparations were suspended in an organ bath and the change in tension was isometrically recorded with a force-displacement transducer (Nihon Kohden, AP-620G) and displayed on a polygraph (Nihon Kohden, 60 mM KC1 was hypertonically applied twice to the muscle strip after the 60 min incubation in PSS. A maximal tension of the tonic contraction induced by the second application of hypertonic 60 mM KC1 (H 60K+) was regarded as a reference response (100%).
The Li+-substituted solution were made by replacing a part of NaCl in PSS with LiCl.
Glucose-free solution was made by excluding glucose from the PSS. An experiment under hypoxia was carried under the condition bubbling with 95% N2, 5% CO2. The ileal long. and circ. muscles in PSS showed spontaneous contractions. An application of H 60K+ induced a phasic contraction followed by a tonic one in both the preparations. The long. muscle reached maximum tension level of 4 g in tonic contraction and the circ. one to 2 g, and afterward they were maintained at a steady level over 120 min ( Fig. 1-A 
Effect of Li+-substitution
A 1/5 Li+-substituted solution gradually decreased the H 60K+-induced contraction in the long, muscle to 57% of the control at 120 min, and 1/3 or 1/2 Li+-substituted solution further decreased the contraction to 50 or 36% of the control, respectively. However, the 1/3 Li+-substituted solution slightly decreased the contraction in the circ. muscle, and the 1/2 substituted solution oppositely increased the contraction to 147% of the control at 120 min (Fig. 4 All the values were obtained at 120 min after the application of H 60K+ solution. Tension induced by H 60K+ solution at 30 min in a treated muscle was used as the control (100%). The mean+S. E. M. was obtained from 6 experiments. Mark (*) shows nonsignificant difference.
These results are shown in Fig. 5-A 
Discussion
In cat ileal long. and circ. smooth muscles, the application of H 60K+ solution caused a phasic contraction followed by tonic one. Both the contractions were completely inhibited by excluding external Ca2+or application of verapamil. The sensitiveity of the cat ileal long.
preparation to verapamil was one order higher than that of the circ. preparation and those of the ileal preparations isolated from various kinds of animals (Rosenberger and Triggle, 1978; Shimizu et al.: unpublished data) .
Ouabain, a specific inhibitor of Na+K+-ATPase, has an inhibitory action in Na+ pump of the cell causing intracellular Na+ accumulation. In intestinal smooth muscles of guinea-pig, ouabain inhibited the high K+-induced contraction and increased in intracellular Na+content (Bose, 1975; Kishimoto et al., 1980; Kishimoto and Urakawa, 1982a) . There was a closely correlation between the ouabain-induced relaxation and the amount of intracellular Na+ (Kishimoto et al., 1980; Kishimoto and Urakawa, 1982a) . In both the ileal preparations of cat, ouabain did not decrease the H 60K+-induced contraction, and increased intracellular Na+ content.
On the other hand, it was reported that ouabain increased a developed tension and intracellular Na+ content in guinea-pig aorta and portal vein in high K+ solution (Kishimoto and Urakawa, 1982a) . Moreover, the Li+-substitution was reported to inhibit the high K+-induced contraction in the guinea-pig taenia-coli and portal vein, but not that in guinea-pig aorta (Kishimoto and Urakawa, 1982b) . Although the 1/3 Li+-substitution decreased the H 60K+-induced contraction in the cat circ. muscle, the 1/2 Li+-substitution oppositely enhanced it. From these results, effects of ouabain and Li+-substitution in the cat long. muscle were similar to those in those in the guinea-pig portal vein, but the Li+-effect in the circ. one was complicated. Regarding the effect of metabolic inhibitory factors on the high K+-induced contraction, the various kinds of smooth muscles were divided into three groups, as follows. (A) high K+-induced contraction is dependent on aerobic metabolism and largely on external glucose (rabbit trachea (Ueda et al., 1983) , guinea-pig taenia coli (Pfaffmann et al., 1965) and urinary bladder (Shimizu et al., 1984) ). (B) not dependent on aerobic metabolism and external glucose (rabbit aorta (Shibata and Briggs, 1967) or guinea-pig trachea (Saida et al., 1974) ). (C) dependent on aerobic metabolism and partly dependent on external glucose as well as endogenous substrate (monkey trachea (Ueda et al., 1983) , guinea-pig gall bladder (Shimizu et al., 1984) , or portal vein (Shimizu et al., unpublished data) ). As H 60K+-induced contraction in the long. or circ. muscle was inhibited by hypoxia (N2) or DNP and slightly by glucose removal, it seems that the tonic contraction induced by H 60K+ in both the cat ileal preparations partly depend on an aerobic metabolism and dependent on endogenous as well as external glucose. Thus, the cat long. or circ. muscle probably belongs to Group C which includes guinea-pig portal vein.
In conclusion, from the attitudes to ouabain, Li+-substitution, hypoxia, glucose removal, the properties of the cat long. muscle on the high K+-induced contraction seems to be different from those of intestinal smooth muscles isolated from various kinds of animals, but similar to that of guinea-pig portal vein. The properties of the high K+-induced contraction in the circ. muscle seems to be almost similar to that of long. muscle except the attitude to the Li+-substitution.
